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THE APPLICATION OF STRESSCOAT IN TEE 3IUDY OF STRESSES IN 
THE WEB OF AN INCOMPLETELY DEVELOPED TMSION H M D B2AM 
SUMMARY 
Five tests were made with Stresscoat on a diagonal-tension type 
beam with several panel shapes to determine: 
(a) the method of buckling of the web 
(b) the location of stress concentrations 
(c) the direction of principal stresses in highly stressed 
regions, 
— i , 
(d) the types and r e l a t i v e magnitudes of secondary s t resses 
pres ent 
(e) the effect of repeated loadings, 
These object ives consti tuted a qua l i t a t i ve analysis of the 
s t resses exist ing in the web after buckling. A further aim was to 
ascer ta in whether Stresscoat may be adapted in future research to 
quan t i t a t ive s tudies of web s t r e s se s . 
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INTROEGCTTON 
Considerable emphasis has been placed on the fatigue strength of 
aircraft and aircraft parts in recent months. These tests»on a beam 
with an incompletely developed tension field web with Stresscoattwere 
made in an effort to discover a way of ascertaining what stress con-
centrations are built up in the web of such a beam after buckling. If 
such data can be obtained with Stresscoat, it may then be possible to ' 
correlate that information with data on cycles of stress reversal per 
hour in order to provide a clue as to the fatigue life of an aircraft 
spar. Also, Stresscoat as an experimental tool for checking the 
theoretical concepts of the way load is carried in a tension field beam 
was investigated* 
In a report prepared by the National Advisory Committee for 
Aeronautics, Bitnam1 has shown that fatigue strength begins to be of 
equal importance with ultimate strength in current models of aircraft, 
where long life and many high speed flying hours are involved. 
An aspect of fatigue stressing which renders it more dangerous 
is its insidious character* The National Advisory Committee for Aero-
nautics reports that it is so far not practicable to detect fatigue 
damage to an airplane structure by impact test, or by X-ray inspection^. 
% . A. C. A* Advanced Restricted Report f L-35, LSF27a, July 
1945, "Life Expectancy of Airplane Wings - Normal Cruising Flight,n 
Albert A. Putnam. 
2Bennett, J. A.: "Effect of Fatigue Stresses Short of failure 
on Some Typical Aircraft Metals.'1 Technical Note 983, N. A, C. A., Nov. 
1944. 
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The f i r s t indication of fatigue damage occurs in the form of surface 
cracks which are long and narrow and perpendicular to the direction of 
maximum tens i l e stress reversal. These cracks cause dangerous further 
stress concentrations and considerable reduce impact resistance and 
ultimate strength* So i f they are not discovered immediately upon their 
appearancef i t may he too late* 
It i s an accepted fact that stress concentrations have a very 
injurious effect upon fatigue l i fe* Putnam demonstrated that with 
stress concentration factors of from 2*4 to 6* which are known to exist 
in conventional aircraft structures, an increase of just 14$ in the 
allowable stress of the material (allowing material to he designed to 
operate at higher stresses and hence the stress reversal cycle to re-
present a higher percentage .-...-of the true ultimate strength) wil l reduce 
the fatigue l i f e of the resultant structure "by about 5C$* In the last 
s ix years, nearly a l l aircraft structural materials have had increases 
in Civil Aeronautics Authority allowable stresses; This accounts in 
part for the increased importance of fatigue failures* 
The higher the range of stress covered in a given stress reversal t 
the more damaging wi l l he that stress cycle to the t o t a l fatigue l i f e* 
Thus, i t i s obvious that material in which a stress concentration 
exis ts wi l l be more highly stressed and wi l l be the earl ier causualty 
to fatigue failure* 
The question of course arises as to how we can have a stress 
^"Strength of Aircraft Elements" AETC-5, Army-Navy-Commerce 
Committee on Aircraft ^Requirements U* S* Government Printing Office* 
Eevised 1942, and ammended Oct* 1943* Anonymous 
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concentration factor of 2.4 or 6, and not have failure of the structure 
when the airplane reaches the design load of two thirds of the ultimate 
strength* Plastic deformation relieves the stresses at the con-
centration points, once the yield point is reached, preventing rupture 
of the material in a single loading cycle. But those stress con-
centrations will continue to exist in future cycles of stress, Ritnam 
contends that even after plastic deformation, the stress concentrations 
continue to exist at full value under cycles of stress reversal. He 
explains that the effect of the plastic flow is merely to reduce the 
average stress about which thoaa oysl33 ooour* Bo they do continue to 
exist and to wreak their damage on fatigue life, after plastic de-
formation has occurred. 
The data on stress concentration factors in an incompletely de-
veloped tension field are extremely meager. 
The actual performance of the web itself in a buckled state as 
it redistributes tensile and compressive stresses to carry the shear 
load has been the subject of several lengthy and complicated mathematical 
discussions. Some investigators have used a wide variety of simplify-
ing assumptions while others have kept painfully to the best approximation 
of the actual conditions. 
The results do not agree in many details, but by correlating them 
with the performance of hundreds of test beams it has been possible to 
use them to design beams which would bear safely the required ultimate 
load. The performance is unquestioned, but by exactly what combination 
See bibliography, theory of buckled web, references one through 
eleven. 
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of primary and secondary t e n s i l e and compressive s t resses in the web 
the load i s carr ied i s s t i l l in considerable quest ion. But, granted 
tha t one of these mathematical approaches might be followed to ar r ive a t 
a s t r e s s a t any given point , i t i s a long and tedious process and there 
are s t i l l some assumptions involved in the developed theory which 
would j u s t i f y a p rac t i ca l mechanical check of those concentrations, i f 
possible* 
llhen cu t -ou t s , or sloping chord members, or var ia t ions in web 
thickness or s t i f fener moment of i n e r t i a are superimposed upon the pro-
blem above, i t becomes so complicated that there i s no longer a p rac t i c -
able method of calculat ing s t ress concentrat ions. 
One of theliiost promising mechanical tools for determining s t ress 
concentrations i n the web i s the e l ec t r i c s t r a i n gage. Due to the 
secondary bending s t resses in the web, however, t he re are la rge changes 
in s t r e s s in short distances along or across the buckles. Because of 
i t s gage length, the e l ec t r i c s t r a i n gage i s unfortunately not well 
adapted to r eg i s t e r these changes.* Such a gage r eg i s t e r s the average 
s t r e s s throughout i t s gage length. However, around a small cut-out in 
a web, or across a buckle, the highest s t r e s s may be more than 150^ of 
the average s t r e s s in the region covered by the s t r a in gage. Surther, 
even where appl icable , a ver i t ab le myriad of s t r a in gages are required 
to loca te the most s t ressed points , except when used as a complementary 
tool to S t resscoa t . 
^Huhn, Paul D and Chiar i to , Patr ick T.: "!The Strength of Plane 
Web Systems in Incomplete Diagonal-Tension." Advanced Restr ic ted 
Report (not numbered and now not c l a s s i f i e d ) , N. A. C. A., Aug. 1942 
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Another p o s s i b i l i t y i s photo-elas t ic i ty* The photoelas t ic pro-
cess has "been t r i e d with some success on shear- res is tant (unbuckled) 
"beams. In an N. A. C. A. publicat ion 0 Buffner and Schmidt report the 
r e su l t s of a ra ther thorough invest igat ion of effects of cut-outs on 
shear- res is tant webs. They plot ted the s t r e s s concentration factor 
against the r a t i o of cut-out diameter to "beam depth* for several types 
of cut-outs* to provide valuable information for the "builder of shear-
res i s tan t "beams* However, t h i s method i s not applicable when the 
buckling load i s exceeded, so i t cannot "be used for tension f i e ld web 
studies* 
Because i t may "be applied to the actual s t ruc tu re ; "because i t 
can ohtain r e s u l t s witli short gage length; because of the speed and 
s implic i ty of t e s t i n g ; and "because i t presents an overal l p ic ture of 
web s t resses* i t was considered that Stresscoat might be of considerable 
help in studying those s t resses* 
6£affner* B. IT. * and Schmidt* C. L.: f 'S t resses at Out-outs In 
Shear-Besistant Webs as Determined by the Enoto-Elastic Method.1 * 
Technical Note 984, H. A. C. A* Oct. 1945# 
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AEEtiRATUS 
The Test S t ruc ture . The beam tes ted was b u i l t up out of 24ST 
aluminum al loy except for the chord members which were made of two 24ST 
aluminum a l loy angles and a cap s t r i p of mild s t e e l . 
The chord members and s t i f feners were symmetrically placed about 
the web, in order to reduce s t ress concentrations in the web due to 
s t i f fener eccen t r ic i ty , and to make the beam as nearly a simple i n -
complete tension f ie ld s t ruc ture as poss ib le . Eolts were used in 
assembly throughout, in order to simplify the task of making changes in 
s t i f fener spacing, and to allow for possible changes in web. 
Tests 1, 2,,„^and 3 were made with a 3-panel beam. Ihe center panel 
had a s t i f f ener spacing of 15 inches. (The end panels had s t i f f ener 
spacings of 6 inches a t free end and 5 inches at fized end for a l l t e s t s . 
However, pa t te rns in the end panels were regarded as in te res t ing but i n -
conclusive, because of the uncertain edge condit ions.) The wide s t i f f -
ener spacing gave the chords in the center panel the effect of being 
qui te e l a s t i c , allowing considerable bending of the chords and con-
sequent r ed i s t r i bu t i on of diagonal t e n s i l e s t r e s s a t top and bottom 
center of tha t panel* 
I n t e s t s 4 and 5, the center panel was s p l i t into a 6 inch and 
a 9 inch panel, by introduction of a new s t i f f ener. The secondary 
bending i n the chords was thereby reduced, and t h i s case i s more typical 
of the average diagonal-tension f ie ld web. 
The web was bolted at the fixed end of the beam d i rec t ly into 
a heavy angle which was welded to a backing p l a t e heavily bolted to the 
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test jig. The chord members were bolted at the fixed end to heavy 
angles which were in turn bolted to the same backing plate which support-
ed the web. 
The beam was loaded upward at the free end, through a backing 
plate of steel attached to the end stiffener. Load was applied in tests 
1 through 4 with a hydraulic jackf For test 5, when a constant preload 
was to be maintained for a considerable length of time, a weight-
linkage system was used to supply the preload, and the subsequent test 
loads were added by means of the hydraulic jack. 
The Test Apparatus. Stresscoat is the trade name for a group of 
lacquers put out by the Magnaflux Corporation, which when sprayed upon 
a surface harden into a uniformly brittle coating. 
As load is applied to the structure whose stresses are in 
question, elastic deformation takes place. The Stresscoat, being a 
brittle material, begins to crack on those members of the structure in 
tension. The actual value of strain at which it begins to crack is de-
pendent to a certain extent upon the thickness of the coating, the temp-
erature, and the humidity. (The last two factors are especially critical 
and results are much improved if temperature and humidity can be closely 
controlled from the time of spraying through the completion of the test.) 
Within a range of coating thicknesses from .003 inches to .006 inches 
the strain at first fracture of the brittle coating is prectically con-
stant, so that factor can be eliminated. Further accuracy is obtained 
See figures 1 and 2 for pictures of beam and test set-up. 
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"by spraying several ca l ib ra t ion "bars at the same time the t e s t s t ructure 
i s "being sprayed, with as nearly as possible the same thickness of 
St resscoat . (The ca l ib ra t ion bar i s a simple cant i lever -which when 
loaded to any given amount at the" free end wi l l develop various s t ra ins 
along i t s length in direct proportion to the s t ress and which may be 
computed from the known applied load* !Phen, if the f i r s t crack appears 
at a known s t r a i n of ,0008 incher per inch on the ca l ibra t ion bar , the 
i i r s t crack which appears in a given region on the t e s t s t ructure wil l 
represent the same amount of strain*) 
In making the t e s t , load i s applied i»o uhe i»esu s t ructure ana to 
the ca l ib ra t ion bar at approximately the same time. (Ehe t e s t s t ructure 
i s loaded to whatever^ percent of design load i s des i red , and the load 
re leased. Cracks which develop in the Stresscoat wi l l remain af ter 
release of the load. The pa t te rn of cracks developed i s then studied 
in comparison to those which developed in the ca l ib ra t ion bar . ftotes 
as to the ex i s t ing s t resses at that load can then be made d i rec t ly on 
the s t ructure* 
The process i s then repeated, loading to a higher load, increment, 
re leas ing tne load, evaluat ing, and so on. !Ehe reason for release of 
the load a f te r each addi t ional load increment i s tha t Stresscoat i s 
s l igh t ly subject to creep, ajia ix the ^eiuDer remained at ^ign load 
smoughout the time required to evaluate the p a t t e r n s , r e su l t s would be 
d i s to r t ed . Leaving tiie s t ructure at load for a short t ime, nowever, 
perhaps three to t en iiiij.iu.tes, enables us to get compression pat terns 
upon u.oad ^excuse, *~n& Wus &ex, uQj.e iniorjuatioii o.rom eacii Lest. Uhe 
Stresscoat creeps while under load, and upon sudden re lease ol load the 
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compression patterns are formed in the same manner as if they -were ten-
sion patterns, for tension is created in the coating upon load release. 
If the load be released very slowly, the coating will creep back to its 
original state, instead of fracturing* 
At the end of any given test, the patterns can be etched with a 
red dye-etchant for better photographic results* This reduces the 
Stresscoat sensitivity, however, so that quantitative results must be 
based upon the pattern formation previous to etching. 
By using Stresscoats of different serial numbers it is possible 
to vary the sensitivity over a limited range, and thus get defined values 
of strain at each point on the structure at varying values of load. 
On a structure in which the stress at any point is directly pro-
portional to the load applied, such as a simple cantilever beam of solid 
rectangular construction, it is possible, once the strain has been de-
termined at any given load, to extrapolate to find the strain at any 
other load. Such a method will be obviously inapplicable in the case 
under consideration, except for possibly limited short range extra-
polations, for our main interest is centered upon the redistribution of 
stresses that occur as load is added beyond the buckling range. 
Whether or not other methods of application will yield quantitative 
studies of beam stresses is one of the basic problems attacked in these 
tests. 
The details of the techniques employed in each test are recounted 
in extracts from test logs. 
For a more complete description of Stresscoat and stresscoat 
techniques, in general, see "Operating Instructions for Stresscoat.1* 
Manual furnished by Magnaflux Corp. to purchasers of equipment. 
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DISCUSSION 
These experiments demonstrated tha t a s ingle t e s t with S t ress -
coat , which i s a very simple task requir ing only a few hours work for 
the complete t e s t , afforded much information, but l e f t also much to be 
desired* They further showed tha t a se r ies of Stresscoat t e s t s can 
yield a wealth of addit ional information* However, for such a ser ies 
to be useful , i t must be qui te lengthy, and the t e s t work must be qui te 
r igorously carr ied out . Such a ser ies i s therefore worth-while for 
some p ro jec t s , not for o the r s . 
Although these t e s t s were run as a s e r i e s , the r e s u l t s are here 
discussed, f i r s t a» i f they were each separate and unrelated experi-
ments, and then as a t e s t se r ies i n order to provide a comparison. 
Observations upon a Single Test . Test one, alone, reveals that 
there i s a de f in i t e appl icat ion for Stresscoat in buckled thin sheet 
s t ruc tures* 
Erom th i s s ingle t e s t no quant i ta t ive values for the average 
s t r e s s i n the web a t any point are avai lable a t any one value of load. 
A s ingle t e s t reveals only the magnitude and di rect ion of the surface 
s t r a i n a t any point on the sheet a t whatever load f i r s t causes patterns 
to form a t tha t po in t . 
I f Stresscoat can be further developed (considered extremely 
doubtful) to the point where the pat terns can be matched sa t i s f ac to r i ly 
with ca l ibra ted pa t te rns throughout the loading range, then a s ingle 
t e s t with Stresscoat can be used for a complete s t r e s s analysis of the 
web, giving a graphic picture of s t r e s s concentrations and maximum 
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stresses. 
An effort was made immediately af ter each 400 or 800 pound load 
increment i n t e s t one to match the pat terns which appeared with those 
on the ca l ib ra t ion s t r i p in order to get a be t t e r approximation to the 
ac tual load a t which those pat terns appeared. I t was found that such 
comparisons were not r e l i a b l e and t h e i r use was discontinued in sub-
sequent t e s t s . I f greater accuracy i s required, i t can be obtained by 
reducing the load increments. 
The h i s to ry of pa t te rn formation in t e s t one and the significance 
of the pa t te rns which developed in that t e s t w i l l be traced below. For 
a l l other t e s t s , t h i s discussion wi l l be confined to those aspects of 
the t e s t which were different from t e s t one. 
Hie pat terns of t e s t one wi l l be discussed in the order of the i r 
appearance. Their locat ion wi l l be given in reference to a grid 
coordinate system which has been inscribed d i r e c t l y onto the photographs 
of the beam made a f te r t e s t one, (see figures 3 and 4 ) . To d i f fe ren t i -
a t e between the two sides of the beam, they wi l l be referred to as 
"near s ide" and wfar s i d e " . 
No pa t te rns a t a l l appeared a t loads up to and including 1600 
pounds applied load. When 2000 pounds load was applied, pat terns 
appeared in a l l 3 panels on the near (soft) coating and in panels 1 and 
2 on the far ( b r i t t l e ) coating side of the web. , ! (See Log oi xest 0ne) M 
In panel 1, ( the panel nearest fixed end) the near side pattern 
f i r s t appeared i n the middle of the panel, (E-5) along the diagonal-
tension l i n e , with the cracks at an angle of about 55 degrees to the 
chords, ind ica t ing the pr inc ipa l s t r e s s d i rec t ion about 35 degrees to 
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the chord members* and a s t r e s s in tens i ty of 11,000 p s i . at 3000 pounds. 
On the far s i d e , the center of the panel was clear> "but tension cracks 
at about 55 degrees to 70 degrees to the chords appeared in the lower 
rearmost corner (1-4) and again jus t above midpoint of rearmost edge 
of the s t ruc ture (D-4 to F -4 ) . IThese cracks are adjacent to the b u i l t -
in end of the beam* and the angle to which the web i s bolted i s heavy 
enough to approach i n f i n i t e r i g i d i t y , having the effect of a clamped 
edge for the panel* IThe s t ress indicated was 10,000 p s i . at 2000 
pounds. I t i s considered that the appearance of these s t resses at t h i s 
low load i s probably a consequence of clamping action where the s t i f f en -
ers and chord members f l a t t e n out the buckles which exis t in mid-panel. 
Upon increase"6f the load to 2400 pounds* on the near (soft) 
side there was considerable expansion of the or iginal pa t t e rn in the 
center of the sheet , but no other change. Successive increase up to 
40u0 pounds load brought an increasing area into tne p a t t e r n , uut no 
other cnaii^es, and the pa t t e rn aid not extend to the ed&e of the sheet 
at any po in t . 
On tne s tanaar i -coated far s ide , tne c400 pound load causes ex-
pansion and evening out of the pat terns along the heavy angle , so tha& 
one load i s d i s t r ibu ted more equally etlong nil the ^Oxts txcepfc ii* she 
upper corner. I t i s considered that in t h i s corner (A-4) the gusset 
act ion as the web helps put load from chord into s t i f fener cancels to 
a large extent the effect of diagonal-tension. Hote that in the lower 
corner, gusset compressive action in the web would be perpendicular to 
the diagonal-tension load, and would tend to accentuate the pat terns 
due to Foisson 's r a t i o e f f ec t . 
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Also at 2,400 pounds, a large pattern developed along the s t i f f -
ened The angle of the tension was about the same as that adjacent to 
bui l t - in end, but the pattern extended much further out into the web. 
The indicated stress of 9,070 psi*. really f irs t occurred at a load of 
2,020 pounds, not so far above the load at which f irst patterns occurr-
ed at the other edge of the panel* 
Further increases in loading up to 4000 pounds brought only ex-
pansion of the previously formed patterns. (However, load was being 
slowly released to prevent formation of compression patterns, to the 
greatest possible extent.) 
At 4,000 pounds, however, load was instantaneously released, 
and compression patterns approximately perpendicular to tension patterns 
appeared in upper center of the panel, (D-6), on the far s ide. 
It wi l l be noted that on the exact opposite side of th i s panel 
there i s a diagonal-tension pattern, almost exactly perpendicular to 
this pattern* This i s in a region in which the theory indicates we 
should have a tension f i e l d , and indeed, this panel does show almost 
completely developed tension. But the secondary bending stresses which 
add on one side and subtract on the other are big enough to determine 
whether patterns in the direction of diagonal compression wi l l form. 
The panel i s buckled into two half waves. Looking at the far 
side of the panel, i t buckles toward the observer along a diagonal l ine 
following the tension cracks, and buckles from the observer along a l ine 
parallel to and following the compression cracks (D-6). The buckle 
creates tension in two directions on the outside of the sheet, and .com-
pression in two directions on the inner radius of the buckle. Apparent-
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ly the compression component pa ra l l e l to the diagonal-ten si on i s adequate 
to prevent appearance of diagonal-tension cracks a t (D-6), while the 
tension component (due outward buckle) a t (E-8) ac tua l ly accentuates 
the diagonal-tension s t r e s s (or adds to i t ) creat ing a larger pat tern 
area* On the other hand, a t (D-6) the diagonal compressive s t r e s s , plus 
the Poisson 's r a t i o effect of diagonal-tension, plus s t r e s s due to i n -
ward curvature of the sheet in the buckle, i s adequate to cause suff ic-
i en t creep of the Stresscoat to give compressive load cracks on that 
s ide of the sheet where these factors are add i t i ve . Thus there i s a 
complicated combined s t r e s s problem, with considerable var ia t ion in 
s t r e s s through the thickness of the sheet, as well as a t different locat-
ions in the panel . 
In panel 2 ( the middle panel) the p ic ture i s s imilar to that in 
panel 1. I t i s noted that the f i r s t pat terns occurred a t the same load 
as in panel 1 on the near (soft) s ide , and a t an ea r l i e r load than in 
panel 1 on the far s ide . The f i r s t pat terns a l l correspond in d i r ec t -
ion to the diagonal-tension s t r e s s , though some are a t mid-panel and 
others represent s t r e s s concentrations due to clamping act ion of the 
bo l t s along the s t i f f ene rs and chord members. 
I t i s noted that the outboard lower comer (J-27) and inboard 
upper corner (B-10) remained clear of pa t terns on both s i d e s . This 
again points to the combined effect of gusset ac t ion and diagonal-ten-
sion loads . (In the corners, the secondary bending effects probably 
reach a minimum, for there i s clamping act ion from two sides to f l a t t en 
out the sheet . ) Considering the two corners without pa t te rns , in both 
cases the gusset compression and the diagonal-tension have the same 
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direction, and would tend to cancel out. 
In the lower inboard corner and upper outboard corner gusset com-
pression would tend to accentuate the existing compressive loads due to 
diagonal compression and secondary Sending and the Poisson's ratio effect 
of gusset compression would tend to accentuate the tens i l e stresses 
occuring at right angles to that gusset effect* Thus the pattern develop-
ment in the corners confirms what has been shown "by theory and "by strain 
gage t e s t s , that in the corners the clamped sheet builds up high com-
pressive stresses to help put the load into the st iffeners so that the 
st iffener column load i s at a minimum at the ends, but builds up toward 
the center* 
Cn the far (stan&ard coating) side of panel 2 , at 3,200 pounds, 
occurs the f i r s t appearance of tens i le cracks at approximately 90 de-
grees to the diagonal-tension cracks* These cracks follow the length 
of the buckle, and are parallel to the compression cracks* They are the 
result of the secondary bending tens i le stress across the buckle, and 
occur in spite of the diagonal compressive stress which s t i l l exists im 
the web at that point* This i s indicative of rather high secondary 
bending stresses* Also, t h i s represents the f irst appearance of cracks 
in parallel directions on opposite sides of the sheet and the f i r s t 
opportunity to measure net stresses in one direction on both sides of 
the same sheet at the same place* 
If the compression cracks on the near side of th i s sheet and the 
secondary bending paral lel to it on the far side had appeared at the 
-'•See bibliography, Theory of Buckled Web, references ? and 8 
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same load, i t would be possible to compute for tha t load i n one d i r ec t -
ion the average s t r e s s exis t ing in the median plane of the sheet . But, 
since they occurred a t different l oads , i t i s c lear that there must be 
other t e s t s with different s e n s i t i v i t i e s before any s t resses in the 
median plane can be calcula ted. 
The pat terns which occur a t low loads are nearly e l l i p t i c a l in 
shape, whether tension or compression. Those pa t te rns which run from 
corner to corner form almost a t rue e l l i p s e , while those which occur on 
e i ther s ide of the central corner-to-corner e l l i p se have t h e i r major 
axes bent in toward the corners. This indicates tha t the clamping action 
exerted by the s t i f f ene r s and chord members affects the shape of the 
buckle and hence the amount and direct ion of secondary bending s t resses 
in the area of the web near them. Those pat terns which do not run from 
corner to corner f a i l to r e t a i n the i r e l l i p t i c a l shape a t the ends and 
t h i s i s also a t t r ibu ted to the effect of local s t r e s ses induced i n the 
immediate v i c in i ty of the s t i f f members where the curved sheet i s being 
forced f l a t . 
I n t e s t s two and three , coatings of different s e n s i t i v i t y were 
used, but the t e s t s were otherwise conducted in a s imilar fashion to 
t e s t one. In t e s t two, nothing was developed, considering i t as a single 
t e s t , which was in any way different from t e s t one. In t e s t three, the 
load was car r ied on up to 4800 pounds, with a very soft e l a s t i c coating. 
This resu l ted in appreciable permanent se t , but had about the same value 
as a s ingle t e s t as t e s t one or two. I t was hoped, using the very soft 
coatings, to get two complete se t s of pat terns from the same coating, 
by f i r s t obtaining a set a t high temperature and low sens i t i v i t y , and 
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allowing time for creep to heal the cracks, and then cooling for the 
nerb t e s t to obtain a higher s e n s i t i v i t y . I t was discovered that such 
a process i s not very sa t i s fac tory because: 
(a) load must be kept very low ,f or in higher load range»the 
buckling of the sheet would cause permanent cracks to form 
in the b r i t t l e lacquer in sp i t e of the very soft coating, 
rendering a second use of the coating impossible 
(b) i t i s harder to obtain sa t i s fac tory photographs without 
etching and i t i s not possible to use a coating further 
a f te r etching. 
On t e s t three etching under load before photographing the patterns 
->«<v 
--V, 
was t r i e d for the f i r s t t ime. The etchant increases the sens i t iv i ty , 
so the new pa t te rns which appear have no quant i t a t ive s ignif icance. 
They do, however, r e f l e c t the existence and the d i rec t ion of the pr in-
cipal s t r e s ses in areas h i ther to not s t ressed adequately to show pat -
t e r n s . l u r t h e r , etching under load tends to emphasize the tension 
cracks. In order to balance out the p ic ture , the compression pat terns 
were re-etched immediately af ter load r e l ea se . This technique produced 
sharply defined pa t te rns which were much be t t e r suited to photography 
than those previously obtained. 
Test four was the f i r s t t e s t made on the beam af te r the f if teen 
inch panel had been s p l i t into two panels, one each of s ix and nine 
inches width. In t h i s configuration there i s l e s s secondary bending in 
the chord members due to shorter span between s t i f feners and more f r e -
quent clamping of the sheet which increases the c r i t i c a l buckling load 
so that the beam wi l l bear a higher load. 
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The beam was preloaded repeatedly to 58OQ pounds, and was allow-
ed to remain at that load for thirty minutes, prior to the first test. 
This procedure was adopted on the basis of results obtained in com-
paring test one, two, and three. The reasons for it are detailed in the 
next section of this discussion. 
In test four, the highest percentage of total panel area was 
covered by patterns. Up to a point, these patterns were no more useful 
than those developed in previous single tests, but at very high loads it 
was observed that: 
(a) tensile cracks in the direction of diagonal-tension stress 
appeared covering almost the entire panel, including even 
the inn3r (compressive) side of the buckles 
(b) these patterns are so much expanded that tensile patterns 
now appear on both sides of the web at the s;:me location, 
in the same direction. 
In order to make any fair approximations as to the net tensile 
and compressive stresses in the median plane of the web, it is necessary 
to know the stresses in two directions on both sides of the sheet at 
the same value of load. In no single test has this condition been satis-
fied, nor will it be except possibly at low loads in the shear resistant 
condition. From the results obtained in test four, where patterns on'both 
sides of the web appear at the same value of load (which can occur in 
the flat res-ions between buckles) it is possible to compute a resultant 
strain in one direction for one load. Since this strain is the result 
of the net tensile stress in that direction plus the strain due to the 
compressive stress at right angles to it (due to PoissonTs ratio) no 
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very accurate determination of t en s i l e s t r e s s can "be ar r ived a t . 
Test f ive was made with the "beam already loaded to 2000 pounds "be-
fore app l i ca t ion of Stresscoat* It wis made for the purpose of extend-
ing the range of s t resses covered" in a se r i e s of Stresscoat t e s t s . Since 
i t only r e f l e c t s the changes in neb s t r a in s from those which existed at 
2000 pounds* i t i s not s ignif icant as a single t e s t . In order to evaluate 
the s t r a ins in any d i rec t ion from t h i s t e s t i t i s f i r s t necessary to know 
the value of s t r a i n s i n tha t d i rec t ion a t 2000 pounds load at the point 
"being considered. 
Any one of the single t e s t s affords an in t e res t ing comparison of 
web s t r e s ses with those predicted on the "basis of various theore t ica l 
treatments of the diagonal-tension^beam. Tabulations of predicted aver-
age and maximum web s t r e s ses at loads of 2400, 4000, and 4800 pounds are 
shown in t ab le s 2 , 3 , and 4» I t i s noted that for the f i f t een inch 
panel (panel 2) , a t 2400 pounds the predicted average diagonal-tension 
s t ress i n the wet ranges a l l the way from 7680 p s i . to 12000 ps i .» and 
the predicted maximum s t r e s s ranges from 21300 psi* to 33000 p s i . depend-
ing upon which theory i s followed. At 2400 pounds, some pat terns are 
formed in t e s t s one through four, !lhe-J^«t^i3re*^ 
fts^afle^mas^^i^t^ 2400 pounds and a t various regions in 
the web are as follows: 
Test one Test two Test three Test four 
Near side 10,300 13,500 19,700 10,500 
Par side 9,000 7,600 15,600 9,500 
These s t r e s se s are in the range between the predicted average and 
the predicted maximum, but none of them approach the value of maximum 
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s t r e s s predic ted in accordance with the Wagner theory* (33,300 p s i . ) 
However* pa t t e rns had al ready appeared at e a r l i e r loads in each case* If 
the s t r e s ses in the web were d i rec t ly proportional to the load at those 
points where pa t t e rns e a r l i e r appeared the web s t resses would be as 
follows j 
Test one Test two Test three Test four 
Hear side 12,600 15,300 40,000 15,300 
J a r side 11,100 15,000 31,800 14,000 
This constant re la t ionship "between the load on the beam and s t r e s s in 
the sheet a t any given point does not hold* The a c t r a l s t resses could be 
e i ther g rea t e r than those indicated above (due to increasing effect of 
secondary bending in"the sheet) or l e s s than the s t r esses indicated above 
( i f deformation of other pa r t s of the panel has tended to rel ieve those 
s t r e s s e s . 
This fur ther i l l u s t r a t e s the point that no quant i ta t ive resu l t s 
can be obtained i n a single t es t* However, i t a lso shows that there does 
exist in the web a very wide var ia t ion in s t resses across the panel* v e r t -
i c a l l y , ho r i zon ta l ly , and between the near surface and fa r surface of the 
web* 
Observations upon a Series of Tests* The only pos s ib i l i t y of obtain-
ing quant i ta t ive r e su l t s l i e s in a se r ies of t e s t s at different sens i t iv -
i t i e s * If s e n s i t i v i t y can be widely enough var ied , values of s t r a i n in 
, two mutually perpendicular direct ions on both sides of the beam throughout 
the desired range of loads can be obtained* 
In these t e s t s , t e n s i l e s e n s i t i v i t i e s used ranged from *00070 t o 
•00194 and compressive s e n s i t i v i t i e s varied from .00092 to *00164* By 
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using s l i g h t l y lower temperatures or higher s e r i a l l y numbered coatings i t 
would he possible to increase the s e n s i t i v i t y to perhaps .00050 inches 
per inch s t r a i n in tens ion . That value might "be approached for the coia-
pressive s e n s i t i v i t y hy increasing the length of time that the "beam is 
l e f t at load "before r e l ea se . (It i s creep under load which makes compress-
ive r e s u l t s possible .with Stresscoat . Since creep is a function of t ime, 
varying the length of time that the "beam i s under load wil l change the 
compressive s e n s i t i v i t y . Results can "be evaluated "by loading the ca l ib ra -
t i o n "bar in compression for the same length of time») 
She lowest t e n s i l e s ens i t i v i ty used in these t e s t s was obtained 
"by using the sof tes t Stresscoat ava i l ab le . At t h i s s e n s i t i v i t y , cracks 
which appeared unde r load tended to heal upon load r e l ea se , which meant 
that t e s t r e s u l t s had to be evaluated under load. Increasing the temper-
a ture further to obtain a sof ter coating was not sa t i s f ac to ry , for room 
temperatures used were already unpleasantly high. 
Test five i l l u s t r a t e s a method for obtaining the same effect as a 
-much higher s e n s i t i v i t y . TShen the s t r a ins can be determined in two d i -
rect ions on both sides of the same region of the web a t a given load, the 
s t resses ex is t ing a t tha t point a t that load can be determined. Then, if 
the beam i s preloaded to that load and sprayed with Stresscoat while bear-
ing tha t load , any cracks which appear upon adding further load will be 
functions of the addi t ional s t r a i n s , and hence the addi t ional s t r e s s e s , 
imposed by the load added i n excess of the preload. So long as the pro-
port ional l imi t of the material has not been passed, i t wil l be possible 
to superimpose the s t resses in order to find the t rue t o t a l s t r e s s . 
Ho quant i ta t ive significance i s attached to t e s t five in t h i s case, 
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for these experiments do not const i tute a complete se r ies on which a 
s t ress ana lys is of the web might be based. However i t i s observed i n 
comparing t e s t five with t e s t four t h a t : 
(a) the shape of the pat terns i s e s sen t i a l ly the same 
(b) apparently the web is more nearly uniformly stressed along 
the pa t te rns at high load than at low load, for the f i r s t pa t -
t e rns are l a rge r and tend to run for the f u l l length of the 
buckles . 
(c) only s l ight secondary "bending t e n s i l e pa t te rns appear across 
the buckles , even at 3600 pounds addi t ional load, so apparent-
l y the secondary bending s t resses are l a rge r in comparison 
to the-primary s t resses at low load than a t high load for the 
same increments of load increase , when the beam has once been 
deflected enough to acquire permanent s e t . 
Since t h i s ser ies of t e s t s was not designed to give complete s t r ess 
analys is da ta , such data wi l l be assumed for one spot in a tension-*field 
web, for one load , in order to i l l u s t r a t e a proposed method of quant i ta t -
ive solut ion for web s t resses by St resscoat . 
Suppose that at the following s e n s i t i v i t i e s pa t t e rns in the d i -
agonal-tension d i rec t ion appeared at loads as shown, in a ser ies of t e s t s . 
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Load, 1000 l b s . 
Doing likewise for stresses perpendicular to the diagonal-tension, 
and doing the same thing for stresses on the opposite side of the sheet, 
values of strain corresponding to any value of load can "be obtained from 
the curves. Suppose^that i t i s desired to evaluate the stresses at a 
load of 4500 pounds, and the values of strain taken from the curves for 
the point in the web whose stress i s sought are as follows: 
Side A Side B 
Parallel to diagonal tension .0014 Ten. .0006 Ten. 
Perpendicular to diagonal tension .0006 Ten. .0008 Comp, 
Averaging the s ides , to obtain strains in the median plane the values are 
.0010 tens i l e strain parallel to diagonal tension, and .0001 compressive 
strain perpendicular to diagonal tension. These strains in aluminum 
alloy correspond to a t ens i l e stress of 10300 p s i . and a compressive 
strain of 1030 p s i , . Solving the two stresses simultaneously to elim-
inate the effect of Poisson*s ratio, it i s discovered that the actual 
strains existing in the web are 11,200 tens i l e s t res s , and 2,703 tensi le 
s t res s , perpendicular to each other. 
It i s seen, then that the net tens i le and compressive stresses in 
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the web can be determined from such a se r ies of t e s t s . However, a pro-
digious amount of work wi l l be involved, i f very many points in the web 
are to be thus analyzed. A procedure which wi l l considerably reduce the 
amount of effort involved i s to run several t e s t s at widely varying sen-
s i t i v i t i e s to pick out the c r i t i c a l areas, and then for the series of 
t e s t s^ to l imi t the observations to these a reas . 
For t e s t one, one side of the beam was sprayed with Stresscoat 
if 1205, which was the number indicated by the coating select ion chart for 
obtaining a b r i t t l e coating of sens i t iv i ty between .0007 and .0011. The 
other s ide was sprayed with coating if 1203, a softer coating, in order 
to broaden the r e s u l t s . 
In test*two, i t was sought to cheek t e s t one and determine 
the effect of repeated loadings. The beam was loaded repeatedly to maxi-
mum load before spraying with Stresscoat . Then i t was sprayed, using 
again a standard b r i t t l e coating and a soft coating, and. the same loading 
program as tha t used in t e s t one was repeated. Because of a difference 
in temperature between the time of se lect ing the coating and the time of 
t e s t i ng , the s e n s i t i v i t y was different from that in t e s t one, and i t was 
not possible to duplicate the resu l t s* 
I t was observed in t e s t one tha t the f i r s t pa t terns which 
appeared represented t e n s i l e s t resses in the d i rec t ion of diagonal tension. 
They occurred a t 2000 pounds while the lowest s ens i t i v i ty was .0009 inches 
per inch s t r a i n . In t e s t two the low sens i t iv i ty was .00073 when the f i r s t 
pa t terns appeared a t 1200 pounds load. And the f i r s t pa t terns which 
"Operating Ins t ruc t ions for S t resscoat" . Manual furnished 
by Magnaflux Corporation to purchasers of equipment. 
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appeared were secondary lending p a t t e r n s , due to the t e n s i l e s t resses in -
duced across the outer radius of curvature of the buckled sheet • In t e s t 
one, such s t r e s se s were inadequate to form pa t te rns u n t i l a load of 3200 
pounds Tsas reached* Obviously there had been some yielding of the sheet 
in the previous loadings which resul ted i n a s l ight permanent set in the 
web* This caused formation of heavy buckles at lower load than in the 
previous t e s t with a r e l a t i v e l y f la t sheet» This i s in accord with the 
2 theory of column ac t ion . 
In t e s t t h r e e , with a s ens i t i v i ty of ,00194, lower than that used 
in e i t h e r of the f i r s t two t e s t s , the secondary bending s t resses again 
appeared f i r s t , and at a load of 1200 pounds* This represents a second-
ary bending s t r e s s of 20,000 psi* at 1200 pounds load, on one side of "the 
sheet* Theore t ica l ly , at that load» the web would not even have buckled, 
and the diagonal tension and diagonal compression would be equal to each 
other and to the shear s t ress* But t h i s evidence of the existence of a 
buckle and qui te high secondary bending s t resses indicates that a f t e r 
s l ight permanent set occurs, the beam no longer ac t s as a shear r e s i s t -
ant one up to the c r i t i c a l load, for we already have deformation and, in 
ef fec t , the ac t ion i s t ha t of a column with a s l i gh t ly eccentr ic load or 
one whose axis i s not perfec t ly s t ra ight but which i s e l a s t i c a l l y support-
ed , 0 This does not indicate a pure tension f i e ld \?eb, since diagonal com-
pression i s present i n increasing amounts as the load increases* 
nil, P. C*; Lundquist, E. B. ; and Batdorf, S. 3* : "Buckling in 
Compression, Effect of Small Departures from F la tness , 1 * Technical Hote 
1124, H. A. C. A . , Sept. 1946. 
Tiraoshenko and MacCullough; » 'Elements of Strength of Materials.»• 
page 262, B. Van Hostrand Co., I n c . , Second Edit ion, 1940. 
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At 1200 pounds the theore t ica l diagonal-tension s t r e s s i s 3000 p s i . , 
by Kuhn, Wagner, or ear ly inconrplete tension f ie ld theory, for t h i s i s "be-
low the theore t i ca l buckling loady If i t i s assumed, in accordance with 
the Wagner theory, tha t a f t e r buckling the diagonal compressive load i s 
zero (a conservative assuraption), and assumed fur ther tha t the c r i t i c a l 
load equals zero, then the average web s t ress would be 6,000 p s i . , in d i -
agonal- tension. Correcting for the f l e x i b i l i t y of f langes , the maximum 
theore t i ca l diagonal-tension s t ress would be 16,700 ps i* . Actually, i t 
i s probably l e s s than t h a t , for some diagonal compressive s t ress does r e -
main. By the most conservative reasoning, then, i t has been demonstrated 
that the secondary ben&ing s t ress across the buckle i s higher than the * 
primary diagonal- tension or diagonal compressive s t r e s s i n t h i s panel at 
low loads* ©lis effect i s noticeable in the end pane ls , as well as the 
center panel , but not to so great an ex ten t , and r e su l t s in the end panels 
are inconclusive because of the edge conditions* 
At the beginning of t e s t s two and t h r e e , there was no v i s ib l e per -
manent set in the web. Visual inspection i s currently the most widely 
used method of determining when permanent set occurs i n the web of a d i -
agonal-tension beam* The e a r l i e r appearance of secondary bending pat terns 
in Stresscoat could b e t t e r be used to indicate the ac tua l ea r l i e s t occurr-
ence of permanent set* 
This a l so suggests a preliminary step in Stresscoat t e s t i n g . Di-
agonal-tension beams are designed to operate in a s t r e s s range such that 
there will be yielding of the metal on one side of the web* (the outside 
of the buckles) Therefore, before the f i r s t appl ica t ion of Stresscoat , 
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the "beam should he repeatedly loaded at leas t to the maximum load to he 
covered in that se r ies of Stresscoat t e s t s in, order that secondary tending 
s t resses wi l l be the same at any given point at a given load in subsequent 
t e s t i n g . 5?he preload should not "be suff icient to cause v i s ib ly noticeable 
permanent s e t . In such a case , p l a s t i c flow wil l probably occur each time 
the beam i s reloaded to that amount, and in no two t e s t s wi l l the same 
s t r e s s exis t at a given point for a given load. 
Suppose that i t i s desired to study the fat igue charac te r i s t i c s 
of a given wing beam, and. the Stresscoat pa t t e rn at l imit load* I t has 
been shown tha t the maximum loads for which c i v i l a i r c ra f t are designed 
seldom, if at a l l , occur di r ing the l i f e of the a i rp lane . Prom the com-
ments above, and front analyses by the N. A. 0. A. i t i s apparent that the 
web wi l l have d i r re ren t s t resses at any given load in a s t r e s s cycle, de-
pendent upon whether: 
(I) the maximum load, or near t h a t , i s reached ear ly in the l i f e 
of the plane 
( I I ) the maximum load i s never reached, and the s t ructure is never 
s t ressed beyond perhaps s ix ty per cent of tha t value* 
I t i s apparent from these Stresscoat experiments that case I would 
resul t in higher secondary bending t e n s i l e s t resses at low loads . However, 
the same p l a s t i c flow which resulted in higher secondary bending s t resses 
for a given low load also acted to re l ieve primary s t resses elsewhere in 
^See bibliography, fat igue s t r e s s e s , references 9 and 10; 
^See bibl iography, fatigue s t r e s s e s , references 7 , 8, and 11 . 
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the web, so that , without a very thorough investigation of the relative 
damaging effect of the secondary bending stresses and the primary diagonal-
tens i le stresses i t i s not possible to determine which case is crit ical* 
It may be pointed out that when i t has been determined which 
type of loading (case I or case II) under the number of cycles of load-
ing usually encountered, has the most damaging effect upon fatigue l i f e , 
either case I or case II may be simulated in loading the test structure. 
In making test f ive of this ser ies , case II was simulated, by i n i t i a l l y 
loading the beam to the highest stress that i t was expected the beam 
would have to carry, before f irst Stresscoat tests* 
"See bibliography, fatigue s tresses , references 9 and 10. 
CONCLUSIONS 
Applicabil i ty* The primary significance of t h i s ser ies of t e s t s 
has been to show that Stresscoat can be made to serve a useful end, 
both by the a i rplane builder and the research s t r e s s analys t , in the 
study of any th in sheet s t r ess d i s t r ibu t ion problems. This investigation 
was concerned with the applicat ion of Stresscoat to diagonal-tension 
beams, but sinee that i s jus t a special case of buckled thin sheet 
theory, an equal amount of information could be obtained from St ress -
coat about s t ressed-skin fuselages or a i r f o i l surfaces . Perhaps there-
in l i e s i t s g rea tes t f ie ld of usefulness, for the curved sheet problems 
are more complex, na tura l ly , than beam problems. 
Value of a Single Test. A single t e s t with Stresscoat wi l l show 
q u a l i t a t i v e l y , but not quant i ta t ive ly : 
(a) The locat ion of s t r e s s concentration po in t s . 
(b) The direct ion of pr incipal s t r e s s throughout the panels. 
(c) The way load i s put into s t i f f ene r s , and clamping effects 
of s t i f feners on buckled web, 
(d) The method of buckling, find location of buckles. 
(e) The r e l a t i v e importance of secondary bending t ens i l e 
s t r e s ses and diagonal-tension s t r e s s at the load a t which 
f i r s t cracks appear. 
(f) On a group of beams or ser ies of panels , effect of changes 
in a/b r a t i o or panel s ize upon shape and s ize of buckle, 
load at which buckles appear, and significance of secondary 
bending s t r e s s e s . 
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(g) Location of regions of low s t r e s s , sui table for making 
cut-outs for inspection or passage of e l e c t r i c , mechanical, 
or hydraulic par ts or f i t t i n g s . 
(h) Proper locat ion and direct ion of e l e c t r i c s t r a i n gages to 
record pr incipal s t r e s s e s . 
Value of a_ Series of Tests . By means of a se r ies of t e s t s 
employing different s e n s i t i v i t i e s and various a r t i f i c e s such as spray-
ing with Stresscoat under load and changing the length of time the beam 
remains at load while t e s t ing , much more information about web s t resses 
can be obtained. I t must be borne i n mind that the quant i ta t ive 
accuracy of any s ingle Stresscoat t e s t i s only within about f i f teen per 
cent . (This i s due to i n a b i l i t y to control exactly the thickness of 
coating, and some s l igh t u n r e l i a b i l i t y of the Stresscoat i t s e l f , under 
perfect condi t ions . ) In any ser ies of t e s t s , these inaccuracies would 
tend to average out , but the Stresscoat i s so highly sens i t ive to temp-
a tu re , humidity, and creep that i f these factors a re not very r ig id ly 
control led, quan t i t a t ive r e su l t s w i l l be nil# But within that l imit of 
accuracy i t i s poss ible t o : 
(a) Make a quant i ta t ive analysis of web s t resses at any point 
in the web throughout the loading range of the s t ruc ture , 
and l imited only by the highest s e n s i t i v i t y obtainable. 
(If maximum sens i t i v i t y obtainable i s .005 inches per inch, 
s t r a i n , lowest s t r ess in aluminum which can be evaluated i s 
5150 # / sq . i n . ) 
(b) Determine load at which p l a s t i c deformation and permanent 
set f i r s t occur. 
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I r a c t i c a l Applicat ions. I l l u s t r a t i v e of the r e s u l t s which can 
be obtained from Stresscoat are the observations upon the s t ructure used 
for these t e s t s : 
. (a) There i s not iceable gusset action in the corners of the web, 
where the web a s s i s t s in t ransmit t ing axia l s t i f fener loads 
into the chords. 
(b) The permanent set which r e su l t s in a beam from an i n i t i a l 
high loading causes the building up of high secondary tend-
ing t e n s i l e and compressive s t resses a t r e l a t i v e l y low load* 
(c) There i s a tendency to build up r e l a t i v e l y high s t resses a t 
low load adjacent to s t i f feners or chord members i f there 
i s any unevenness in the amount of clamping action* (Due -
to poor r ive t ing technique, oversize r ive t holes , or other 
imperfection*) 
(d) The angle of pr incipal t e n s i l e s t r e s ses tends to be approx-
imately the same as the wrinkle angle in the middle of any 
given panel* However, near the s t i f f eners or the chord 
members the greatest t e n s i l e s t r e s s tends to be almost per-
pendicular to those heavy members* In a small panel t h i s 
effect causes rapid changes in d i rec t ion of maximum t ens i l e 
s t r e s s in short distances* 
(e) Several spots can be selected in each panel where a c i r -
cular cut-out of 1 inch diameter would remove r e l a t i ve ly 
low-stressed mater ia l , (Effects of load reversa l must be 
considered he re . ) 
(f) When the load i s carr ied to a very high value, almost the 
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en t i r e panel w i l l show on both sides a diagonal-tension 
pa t te rn , indicat ing that the whole web does share in t r a n s -
mi t t ing the load, but that much of i t operates a t a con-
siderably loxver s t ress than that along the cres t of the 
buckles, where secondary bending p a r a l l e l to the buckle adds 
to the diagonal-tension, 
(g) In any panel, the buckles tend to run almost corner to cor-
ner , but t h i s tendency i s considerably more marked in cases 
where panel width exceeds panel heigjit, 
(h) After s l igh t permanent set had occurred, the secondary bend-
ing s t resses across the buckle ac tua l ly exceeded the maxi-
mum primary s t r e s s (diagonal-tension) a t low values of load, 
in the f i f teen inch panel. 
( i ) After s l i gh t permanent set had occurred in the f if teen 
inch panel, i t had heavy buckles a t very low loads, i n -
dicat ing tha t i t no longer follows the basic assumption in 
most theore t i ca l treatments of diagonal-tension - i t does 
not act as a shear- res is tant beam up to the c r i t i c a l load 
for , in effect , that load has already been passed when the 
beam i s under no load, 
( j ) Once permanent set had occurred in the f i f teen inch panel, 
subsequent loadings not in excess of the load which f i r s t 
caused the deformation cause further p l a s t i c flow, 
I t i s believed that Stresscoat may prove of considerable a s s i s t -
ance to the research s t r e s s analyst in the following problems: 
(a) To a scer ta in the, effect of p l a s t i c flow on one side of the 
sheet when early permanent set occurs, insofar as the con-
sequent r ed i s t r ibu t ion of s t r e s ses i s concerned. 
(b) To determine accurately and ful ly the effect upon angle of 
pr incipal t e n s i l e s t r e s s , at various points in the panel, 
of the following: var iat ion in h/d r a t i o ; var ia t ion in chord 
s t i f fnes s ; var ia t ion in panel s ize ; sloping of chord members; 
cut-outs in the web, 
(c) To determine the magnitude and locat ion of s t r e s s con-
centra t ions exis t ing under the va r i e ty of conditions l i s t e d 
above. 
(d) To check theore t ica l computations as to the method of r e -
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BRIEF OF LOG OF TF3T ONE 
Sling psychrometer reading- 58/75 
Coatings selected -
Drying time - 24 hours 
Sensitivity, uncorrected 
Beginning of test 
Bad of test 
Near side - 1203 - soft 










Sensitivity Stress at •Stress at 
in./in. strain load, psi» 2000 psi. 
corrected for 
creep & time 
2000 .00102 "^ 10500 10500 
2400 .00100 IO300 8570 Near 
2800 .00104 10700 7690 side 
3200 .00100 10300 6430 
4000 .00102 10500 5250 
2000 .00090 9280 9280 
2400 .00088 9100 7600 Far 
2800 .00091 9400 7100 side 
3200 .00086 8870 5550 
4000 .00088 9100 4500 
SPICIAL CASES INVOLVING MATCHING SENSITIVITIES 
Load Sensiti"1 srity Stress at *Stress at Sensitivity 
# in./in. strain load, psi. 
Near side 
2000 psi. matched 
2000 jQOlde. 11100 11100 .00100 
2000 .00112 11540 11540 .00104 
2000 .00113 11600 11600 .00105 
2400 .00111 11400 
Ear side 
9300 .00105 
2000 .00099 10200 10200 .00092 
2000 .00102 10500 IO5OO .00095 
2000 .00108 11100 , 11100 ,00100 
2400 .00094 9680 8000 .00090 
2400 .00099 10200 8500 .OOO95 
2400 .00105 10800 9000 .00090 
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Notes: First cracks appeared at 2000 pounds, were in diagonal-tension 
direction. Compression patterns appeared unexpectedly. Corrected for 
creep on tensile patterns by leaving beam unloaded between load 
increments, for a period twice as long as it remains at load during 
test, and referring to creep correction chart for creep during actual 
load application. Corrected sensitivity for change in temperature which 
occurred during test. "Matched sensitivity" technique not satisfactory, 
abandoned after 2400 pound load. Figures, such as 1000, inscribed 
inside the pattern contour lines on this test indicate matched sensitiv-
ity. The 1000 means patterns match those of .00100 inches per inch strain. 
Figures on contour lines in this and subsequent tests represent load at 
formation of pattern. Dashed lines surround compression patterns. Solid 
lines surround tensile patterns. 
Represents equivalent stress at 2000 pounds load, if straight line 
relationship between load and stress existed. Figures interesting 
but not significant. 
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BRIEF OP LOG OF TEST TflO 
No evidence of permanent set from previous test. Preloaded to 4000 pounds 
twelve times. Intended to determine effect of repeated loadings and 
check test one. 
Sling psyehrometer reading - 62/81 
Coatings selected -
Drying time - 24 hours 
Sensitivity, uncorrected 
Near side - 1204 - soft 
Far side - 1206 - standard 
Tensile 
Near Far 
Eeginning of test .00111 .00070 






Sensiti1 7ity Stress at *Stress at Compressive 
in./in. "B$rain load 2000 psi. stress at 
corrected for load 
creep & time 
Hear side 
.00124 12800 16000 16400 
.00124 12800 12800 16400 
.00134 13500 11200 16400 
.00124 13500 9100 16400 






.00073 7520 12500 9480 
.00073 7520 9400 9480 
.00074 7600 7600 9480 
.00074 7600 6350 9480 
.00070 7200 5100 9480 
.00073 7500 4700 9480 














Notes? Secondary bending s t resses in the diagonal compression d i r ec t -
ion were f i r s t to appear. Cracks in the soft coating (near side) tended 
to heal upon load r e l e a s e . Corrected for by evaluating near-side pat terns 
under load. Sens i t iv i ty was far from duplicating t e s t one value. Elaine 
l i e s in temperature and humidity cont ro l . 
* Represents equivalent s t r ess at 2000 pounds load, i f s t ra igh t l i n e 
r e l a t ionsh ip between load and s t ress existed^ figures in te res t ing 
tu t not s i gn i f i can t . 
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BRIEF OF LOG OF TEST THREE 
S t i l l no v i s ib le evidence of permanent s e t . Will t r y sof tes t coatings— 
no need for psychroraeter readings. 
Coatings selected - Near side - 1200 - softest 
Far side - 1201 - soft 
Sens i t iv i ty - t e n s i l e - uncorrected Near side - .00165 
Far side - .00135 (Sealed on Kelease) 
No compressive s e n s i t i v i t y within range of ca l ib ra t ion ; in 5 minutes 





Sensitivity Stress at 
in./in. strain load 

























































— . — 
4000 
4800 
— . — 
Notes: in center of 
center panel , a t 1200 pounds load: Compressive pa t te rns which appeared 
represent s t r e s se s in excess of range of ca l ibra t ion equipment. Compress-
ive pa t te rns more permanent in th is soft coating than t ens i l e pa t te rns . 
Etched under load to improve photographic r e s u l t s • 
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BRIEF OF LOG OF TEST FOUR 
F i r s t t e s t on fou r -pane l b®am. Same web as t h a t used i n t e s t s 1 , 2, and 
3 . S l i g h t permanent s e t to o ld wr inkles e x i s t s a f t e r t e s t 3» Preloaded 
to 5800 pounds 15 t i m e s . Old permanent s e t d i s a p p e a r e d . Have very s l i g h t 
buckles remaining i n new panels as r e s u l t of t h i s 5800 pound p r e l o a d , 



















scted - Near Side - 1205 > - standard 
Far side - 1203 > - soft 
uncorrei cted Tensile 1 Compressive 
Near Far Near Far , 
.00093 
RESULTS 
,00086 None in Pange .00167 
(based on 
5 min.) 
Sensiti" vity Stress at *Stress st Compressive 
in,/in,,„ ̂strain load 2000 psi. stress at 
corrected for load 


























.00091 " 9360 11700 17200 
.00091 9360 9360 17200 
.00092 9480 7900 17200 
.00091 9360 6690 17200 
,00093 9570 5980 17200 
.00092 9480 4740 17200 
.00092 9480 3950 17200 
.00093 9570 3420 17200 
Notes : Near s i d e c racks hea l i ng on load r e l e a s e - had t o be evaluated 
under l o a d . D iagona l - t ens ion cracks cover almost t h e e n t i r e web. Heavy 
secondary bending p a t t e r n s show a t high l o a d . 
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B3IEF OF LOG OF TEST FIVE 
Used we igh t - l inkage system t o impose 2000 pound p r e - l o a d on "beam "before 
s p r a y i n g . This t e s t des igned t o accomplish same end a s much lowered 
s e n s i t i v i t y . 
S l ing Psychrometer r e a d i n g - 50 .5 /63 
Standard coa t i ng i s 1200, "but w i l l use 1203 and 1205 and r a i s e temper-
a t u r e for t e s t t o prevent c r a z i n g . 
Coatings s e l e c t e d -
Drying t ime - 24 hours 
S e n s i t i v i t y , unco r r ec t ed 
Beginning of t e s t 
End of t e s t 
Hear s i de - 1203 
Ear s i de - 1205 




















Sensitivity Stares s at •̂ Stress at 
in./ in, , strain load, psi. 2000 psi. 
correcte ?d for 


























Ifotes; P a t t e r n s look much l i k e p a t t e r n s formed from zero l o a d . A l l types 
of p a t t e r n s appear . Secondary "bending t e n s i l e p a t t e r n s a r e l i g h t . 
1 This i s l oad i n a d d i t i o n t o the 2000 pounds pre l o a d . 
* This column not a p p r o p r i a t e tifoen pre load i s used . 
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Table I 
PROPERTIES OF BMI Ê NELS 
Panel No. 
St iffener area, sq. in* 
4 Stiffener I n e r t i a , i n . 
Chord I n e r t i a , in* 
Stiffener spacing, ( a ) , i n . 
Panel height , (b ) , i n . 
a/b r a t i o 
Stiffener bolt spacing, in. 
Chord to ̂ eb bolt spacing, in. 
Web thickness, (d), in. 
*Area stiff./ad 
*c2 
^Cr i t i ca l shear, per Kuhn, p s i . 
assuming simple support 
*Cr i t ica l shear, per Kuhn, p s i . 1762 4730 2570 
assuming clamped edges 
* Refer t o , Kuhn, Paul D.: "Investigation of the Incompletely Develop-
ed Plane Diagonal-Tension F ie ld ." Technical Report / 697, N. A. C. A., 
1940* 
2 4 5 
.317 .317 .317 
.049 .049 .049 
.0726 .0726 .0726 
15 6 9 
10 10 10 
1.5 .6 .9 
.78 .78 .78 
.75 »75 .75 
.051 .051 .051 
.529 1.32 .88 
.36 .90 .63 
1070 2860 1550 
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Table I I 
COMPARISON OF COMH7TH) DIAGONAL-TENSION STRESSES WllE 
APPASEKT EXISTING LOCAL STRESSES AT A LOAD OF 2400 POUNDS 
Panel No. 2 4 5 
a /b r a t i o 1.5 .6 .9 
Computed 
t e n s i l e 





^Incomple te , max* 










































t e n s i l e 
s t r e s s 10500 10500 







t e n s i l e 
stress Test 4 
Near s i d e Test 1 
recorded Test 2 
compressive Tes t 3 
s t r e s s Test 4 
"Bar s i d e Test 1 
r ecorded Test 2 
compressive Test 3 




* That t heo ry of t he behavior of t he incomplete t e n s i o n f i e l d i n which 
i t i s assumed t h a t t h e diagonal-eompress ive s t r e s s i n t h e web remains 
cons t an t a f t e r buck l ing , and equal to i t s va lue a t b u c k l i n g . 
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•Table I I I 
COMPARE SON OF COMPUTED DIAGONAL-TENSION STRESSES 311 IK 
APPARENT EXLSHNG LOCAL STRESSES AT A LOAD OF 4000 POUNDS 
Panel No. 2 






































































































* That theory of the behavior of the incomplete tension field in which 
it is assumed that the diagonal-compressive stress in the web remains 
constant after buckling, and equal to its value at buckling. 
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Table IV 
GOMPiiHrSON OF COMPUTE) DIAGONAL-TENSION STRESSES 7ff1H 
;-LPPARMT EXISTING LOOAL '{STRESSES AT A LOAD OF 4800 POUNDS 
Panel No# 
a /b r a t i o 
Computed 







incomple te , avg, 
Computed Kuhn, 
compressive Wagner-*-* 
s t r e s ses *In complete 
Near side Test 1 
recorded Test 2 
tensile Test 3 
stress Test 4 
Far side Test 1 
recorded Test- 2 
tensile Test 3 
stress Test 4 
Near s ide Test 1 
recorded Test 2 
compressive Test 3 
s t r e s s Test 4 
Far s ide Test 1 
recorded Test 2 
compressive Test 3 
s t r e s s Test 4 
1.5 .6 
48800 16300 25700 
17550 14625 16205 
66800 26700 42400 
24000 24000 24000 
59500 19300 33700 
21400 17370 21250 
6450 9375 7795 
0 0 0 






* That theory of the behavior of the incomplete tension f i e ld in which 
i t i s assumed tha t the diagonal -compressive s t r e s s in the web remains 
constant After buckling, and equal to i t s value a t buckling. 
F-f̂  i* YleV s h o w i n £ t e s t set-up employed in t e s t s one through four, 
with beam of t e s t s one, two, and three mounted in j i g . 
Big. 2 . View showing t e s t set-up employed in t e s t f ive, with beam 
of t e s t s four and five mounted in j i g . 
en o 
Fig . 3 . Hear s ide , t e s t one* 
Ol 
Fig. 4 . Far s ide , t e s t one. 
en 
M 
Fig . 5 . Near s ide , t e s t two. 
55?: 
Pig . 6» Hear Side, t e s t two. 
mm m 
Pig . 7 . Ear s ide , t e s t two. 
ai 
Fig . 8. Far s ide , t e s t two. 
Fig . 9. Near s ide , t e s t t h ree , 
en 
-J 
Fig. 10. Near side, test three. 
C71 
00 
Fig. 11 . Far s ide , t e s t t h r e e . 
Fig. 12. Far s ide, t e s t t h r e e . 
Ol 
o 
Hg. 13* Hear side, tes t four. 
Ol 
Fig. 14. Hear side, test four. 
O) 
to 
Fig. 15. Far s ide , t e s t four, 
OJ 
g. 16. Far s ide, t e s t four 
Ol 
Fig. 17. Near side, test five, 
O l 
Fig. IfcL Near s ide , t e s t f i v e . 
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Fig. 19. Far s ide , t e s t f i ve . 

